Age-dependent response of primary human dermal fibroblasts to oxidative stress: cell survival, pro-survival kinases, and entrance into cellular senescence.
A central question in cell biology is how cells become senescent. After a finite number of cell divisions, normal cultured human cells enter a state of irreversible growth arrest, termed "replicative senescence." Alternatively, oxidative stress in the form of hydrogen peroxide (H(2)O(2)) can render human dermal fibroblasts (HDFs) nonproliferative and quiescent, a phenomenon known as stress-induced premature senescence (SIPS). Although critical to the understanding of the pathophysiological basis of many diseases, there is no research to date that has simultaneously examined the interactions between age, oxidative stress, and SIPS. Therefore, the goals of this study were to examine in concert the interactions between these three factors in primary HDFs, and to test our central hypothesis that aging lowers the ability of primary HDFs to respond to oxidative stress. Our data provide, for the first time, evidence that aging dramatically reduces the capacity of primary HDFs to respond to the challenge of hydrogen peroxide. Specifically, aged HDFs showed decreased cell viability, decreased phosphorylation (activation) of pro-survival kinases (Akt and ERK 1/2), and increased entrance into a senescent state when compared with their younger counterparts. Another important conclusion of this study is that blockade of transforming growth factor-beta1 had a pronounced "rescue effect" in the aged, preventing entrance of HDFs into cellular senescence.